A new laser Thomson scattering (LTS) measurement system in the upstream region of the linear plasma device NAGDIS-II is established in addition to the recently introduced LTS in the downstream. Further, horizontal distributions of the electron temperature and electron density were compared with those obtained from the Langmuir probe, indicating plasma disturbance due to the insertion of the probe head. We discuss the variation of the electron energy distribution function at upstream and downstream in the recombining plasma.
Introduction
In future fusion reactors, one of the issues to be solved is the high heat flux to the divertor plates [1, 2] . Usage of detached recombining plasma, which vanishes the plasma by interacting with neutrals, is regarded as one of the methods to resolve this issue [3, 4] . An accurate measurement method is necessary to clarify the underlying physics such as atomic and molecular processes and transport process. However, it is known that Langmuir probes disturb plasmas and the probe current-voltage characteristics are strongly affected by fluctuating plasma potential in detached plasmas [5] . Passive spectroscopy always has an issue in the line integrated effect, although the accuracy of passive spectroscopy measurement of recombining plasma has been improved by incorporating radiation capture into the calculation of collisional-radiative model [6] . Laser Thomson scattering (LTS) is known as a reliable method to measure electron density (n e ) and electron temperature (T e ) even in recombining plasmas. The LTS method has been used in various plasma devices, e.g., Pilot-PSI [7] , Magnum-PSI [8] , PSI-2 [9] , NAGDIS-II [10] , and other devices [11, 12] .
In this study, we have established an LTS measurement system in the upstream region of the linear plasma device NAGDIS-II, in addition to another LTS system developed in the downstream region [10] . These systems enable us to obtain reliable plasma parameters in upstream and downstream and to discuss the scale length of plasma parameters along the magnetic field without the disturbance. those obtained by Langmuir probes and the upstream LTS system will be shown. The variation of electron energy distribution function (EEDF) in recombining plasma at upstream and downstream will also be presented. Figure 1 shows a schematic view of NAGDIS-II (NAGoya DIvertor Simulator-II), where length and diameter is 2.5 and 0.18 m, respectively. The magnetic field is made by 20 solenoidal magnetic coils and the strength is up to 0.25 T. The high-density plasma is produced by DC plasma source made by a LaB 6 disc cathode, which is heated by a carbon heater with approximately 3 kW. The cathode chamber and a hollow anode with a diameter of 24 mm are separated by the intermediate floating electrode having an inner diameter of 20 mm. Recombining plasma is produced by supplying additional neutral gas The collected scattered light is transferred through an optical fiber bundle (core dia. 230 µm, cladding dia. 250 µm, NA = 0.2), which has 23 channels, to a spectrometer (Bunkoukeiki: FLP-200VPH-P) and Gen-III ICCD camera (Andor: iStar) [13] . The spectrometer has a volume phase holographic grating (2600 mm −1 ). Different from the downstream LTS system, there exists no viewing port above the laser beam path in the upstream region. There is a viewing port located at 154 mm downstream side. By installing a mirror inside the vacuum vessel from the viewing port, the scattered laser light at an angle of approximately 60 degrees against the direction of the laser beam path can be collected via the mirror and f = 40 mm lens. We use the same spectrometer used in the downstream LTS, where the fibers are switched between the upstream and downstream LTS measurement.
Experimental Setup

Results and Discussion
Comparison with electrostatic probes
Figure 3 (a) shows the spectrum of the upstream LTS at the plasma center. In this study, we use pure helium plasma. In Fig. 3 , the discharge current I d was 60 A when the discharge voltage V d is 84 V. The neutral gas pressure at the upstream P up , and downstream region P end , was 3.6 and 14.7 mTorr respectively. The EEDF was deduced from the spectrum by removing stray light and background signals. From the LTS spectrum, T e and n e is estimated to be 4.5 eV and 2.4 × 10 19 m −3 , respectively. Here, n e is calculated from Rayleigh scattered of N 2 gas. Figure 4 shows the horizontal distributions of T e and n e obtained from the upstream LTS and comparison with those measured by the nearest Langmuir probe. The horizontal direction is indicated by the x-axis, where LTS measurements are made on one side (right) with respect to the plasma center, while the probes are inserted on the opposite side (left), as shown in Figs. 1 and 2 . Here, plasma center was determined as the position that has a maximum n e measured with the LTS.
In order to investigate plasma disturbance due to the probe insulation shaft (alumina tube, Al 2 O 3 ), we conducted Langmuir probe measurements with two differentdiameters; thick and thin probes. Here, "thick probe" has a 4 mm diameter alumina tube, while "thin probe" is 2 mm. The diameter and length of the tungsten electrode are 0.5 and ∼ 2 mm, respectively. In the measurements using the thick and thin probes, V d are 141 V and 119 V respectively. that T e measured by the thin probe is closer to T e obtained from the LTS system than by the thick probe. In Figs. 4 (c) and (d), n e measured by the thin probe matches n e by the LTS system at x ≤ −5 mm, while n e measured by the thick probe matches n e by the LTS system only at x ≤ −10 mm. At x ≥ −10 mm, both probes underestimate n e and the peak positions shift toward the −x direction. The n e measurements with the thin and thick probes are ∼ 28 % and ∼ 45 % lower than n e measured with the LTS at x = 0 mm, respectively. This would be attributed to the plasma disturbance due to the existence of the probe shaft inside the plasma column near the plasma source (x ≥ −10 mm). These results mean that the thin probe gives smaller disturbance to the plasma than the thick one. However, even by using the thin probe with a diameter of 2 mm, the plasma center cannot be accurately measured due to the disturbance. This result indicates that LTS is necessary to accurately measure the horizontal plasma parameters in the upstream region.
Comparison between upstream and
downstream LTS measurements Figure 5 shows the horizontal distributions of T e and n e measured with the LTS system in the upstream and downstream region. In the ionizing plasma (I d = 30 A, V d = 110 V, P up = 2.5 mTorr, and P end = 2.8 mTorr), n e and T e at the plasma center in the upstream are 1.8 × 10 19 m −3 and 3.8 eV. On the other hand, n e and T e in the downstream are 4.7 × 10 18 m −3 and 2.2 eV. Considering static plasma pressure P s , defined by the product of n e and T e , the P s is reduced to 14 % from upstream to downstream. By changing from ionizing plasma to recombining plasma (I d = 30 A, V d = 114 V, P up = 3.3 mTorr, and P end = 9.8 mTorr), n e increases by ∼ 37 %, and T e slightly drops in the upstream. On the other hand, in the downstream, T e drops around 0.5 eV, and n e becomes 9.5 × 10 17 m −3 at the plasma center. The P s significantly decreases to 0.45 % from upstream to downstream because of plasma momentum loss due to a three-body recombination process.
Two different temperature components
In the previous study, it was mentioned that two electron temperature components existed when the plasma state was in the transition from ionizing to recombining plasmas [10] , suggesting that the two temperature components were attributed to fluctuations of plasma parameters. Figure 6 shows LTS spectrum and EEDF of downstream at P end = 6.5 mTorr, like the plasma state mentioned above. In Fig. 6 (b) , we can recognize that the EEDF gradient has two different inclined angles, implying that there are two electron temperature components. Thus, we applied double Gaussian fitting to the LTS spectrum (see Fig. 6 ). From double Gaussian fitting, n e and T e of the high electron tem-2405031-3 This means that the fluctuation of plasma parameters exists only in the downstream of the recombining plasma. In fact, in the multipoint measurement, large fluctuation at the frequency of several kilohertz was considered to be localized in the axial direction [14] . Currently, we are investigating the time evolution of the plasma parameters by applying conditional averaging technique to the LTS and Langmuir probe measurements.
Conclusion
In this study, we established the LTS system at the upstream of NAGDIS-II device and obtained the plasma parameters, T e and n e , by using the LTS spectrum. We found that the plasma parameters measured by the thin probe are closer to those measured by the LTS system than by the thick probe. However, even small plasma disturbance due to the thin probe overestimates T e ; ∼ 23 % and underestimates n e ; ∼ 28 % at the center of the plasma. A comparison of plasma parameters in downstream shows the reduction rate of the static plasma pressure P s from upstream to downstream varies by 14 % to 0.45 % as ionizing plasma is changed to recombining plasma. We also found that two different temperature components [10] exists only in the downstream region of recombining plasmas.
